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Description 

The present invention relates to novel plasmid 
vectors for expression In Escherichia coll and/or 
Bacillus subtilis, in which the gene which codes for a 5 
heterologous protein is placed under the control of 
regulating sequences which permit the organisms 
transformed with the abovementloned plasmids to 
express the heterologous protein in high yields. 

In particular, the present invention relates to the 10 
piasmid vectors pSM146 and pSM147 for expres- 
sion in £. coli, in which the gene which codes for a 
heterologous protein is placed under the control of 
the terminator sequence of the phage fd of E coli 
and of the pE1 94 erythromycin promoter modified by 15 
replacing the -35 region with segments of synthetic 
DNA. 

The present invention further relates to the plas- 
mid vector pSM143 for expression in £. coli and B. 
subUDs and useful for the formation of the plasmid 20 
' vectors pSM146 and pSM147. 

Recent developments in the field of genetic engi- 
neering have made it possible to prepare specific 
proteins by means of a process which includes the 
formation of a plasmid vector containing a heterolo- 25 
gous gene which codes for a specific protein, to in- 
troduce the said vectors into host organisms, to iso- 
late the said transformed organisms and to cultivate 
the same in culture media which are suitable for the 
purpose of obtaining the expression of the coded 30 
protein by the heterologous gene. 

The expression "heterologous gene" designates 
a DNA which codes for a protein which is generally 
not produced by the host organisms which are used 
and which is referred to as a heterologous protein. 35 

The term "expression" is used to indicate the 
process by which a protein is synthesized by an or- 
ganism. 

The said process takyes place in two phases. The 
first, referred to as transcription, consists in the 40 
transfer of the genetic information from the DNA to 
the messenger RNA (mRNA). The econd phase, re- 
ferred to as translation, concerns the transfer of 
the information from the mRNA to the protein. 

The transcription of the DNA into mRNA takes 45 
place by means of the enzyme RNA polymerase, 
and commences at a specific point of the DNA 
which is located In the vicinity of the sequence re- 
ferred to as the promoter, and terminates at anoth- 
er well specified point, in the vincinity of the region 50 
of DNA defined as the terminator. 

Because a specific heterologous .protein Is syn- 
thesized within a host cell, it is necessary to place 
the structural gene of the said protein under the 
control of specific sequences, Le. the promoter, 55 
the terminator and the ribosomal binding site (RBS), 
which are recognized by the host organism and 
which permit the mRNA polymerase to transcribe 
the DNA into mRNA and permit the ribosomes and 
relevant enzymes to translate the mRNA Into pro- 60 
teins. 

it is wen known that it is possible to obtain en- 
hanced expression of a heterologous protein, by 
placing the structural gene of the protein under the 
control of a "strong" promoter. 65 



A strong promoter is understood to be a promoter 
which exhibits specific sequences of nucleotide 
bases. 

According to M. Rosemberg and D. Court (Ann. 
Rev. Genet, 13 (1979), 319-353) the strong promoter 
sequence which is considered to be optimal is * 
formed in the -35 region by the bases TTGACA and 
the -10 region by the bases TATAAT, with a spacer 
of 17-18 nucleotides between the two. 

ft is also well known that the maintenance of the 
said strong promoters on the plasmid vectors is de- 
pendent upon the simultaneous presence of a termi- 
nator which is as strong (R. Genko et al. PNAS 78, 
(1981)4936-^940). 

The terminator In fact determines the detachment 
of the RNA polymerase from the DNA molecule, 
thus preventing this from interfering with the pro- 
cesses of replication of the plasmid DNA. The ab- 
sence of the terminator would cause a reduction in 
the number of copies of plasmids per celt and, con- 
sequently, the loss thereof from the cell progeny. 
Just like the promoters, the terminators are also de- 
fined, depending upon their sequence, as more or 
iess strong, thus having a capacity to bring about 
the release of the RNA polymerase in a more or less 
effective manner. 

Thus, in order to obtain good plasmid stability, a 
large number of copies of plasmids per cell and, in 
consequence, efficient expression of the heterolo- 
gous protein, it is necessary that a strong promoter 
should be associated with an equally strong termina- 
tor, in the literature, the terminator of the phage fd 
of E coli (£. Beck et at., Nucleic Acids Res. (1978) 
5, 4495-4503) is described as a particularly strong 
terminator. We have now found that, by modifying 
the erythromycin promoter of pE194, a plasmid 
present in B. subtilis BGSC 1E7, by replacing the - 
35 region with suitably designed segments of syn- 
thetic DNA, it is possible to obtain promoters which 
are stronger than that at the outset 

The said promoters are maintained in a stable 
state at the piasmid level by virtue of the simulta- 
neous presence of the terminating sequence of the 
phage fd of E. coli, and the microorganisms trans- 
formed with the plasmid vectors containing the said 
promoters are capable of expressing the heterolo- 
gous proteins with high efficiency. 

in accordance with this, the scope of the present 
invention is constituted by novel plasmid vectors 
for expression In £. coli and/or B. subtilis, in which 
the gene which codes for a heterologous protein is 
placed under the control of regulating sequences 
which permit the organisms transformed with the 
abovementloned plasmids to express the heterolo- 
gous protein in high yields. 

In particular, the scope of the present invention 
is constituted by the plasmid vectors pSM146 and 
pSM147 for expression in E. coil, in which the heter- 
ologous gene which codes for a specific protein is 
placed under the control of the terminator sequence 
of phage fd of E. coli and of the pE194 erythromycin 
promoter modified by replacing the -35 region with 
segments of synthetic DNA. 

The scope of the present invention is further- 
more constituted by the piasmid vector psM143 for 
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expression in E. coli and B. subtilis and useful for 
the formation of the plasmid vectors pSM146 and 
pSM147. 

The plasmid vector pSM143 may also be used for 
the formation of other plasmid vectors for expres- 
sion, by replacing the region of the promoter and of 
the terminator with novel segments of synthetic 
DNA which code for other promoters and termina- 
tors. 

According to the present invention, the segments 
of synthetic DNA In pSM146 and pSM147 exhibit 
the following sequences respectively: 

5' CTQ 1 1 M I IG TOAAT 3 * 

3* TCGAGAC AAAAAACAGTTAGATC 5 ' 
and 

5* CTG I I I ll IG TCAACAACl H 1 1 W 
3* TCGAGAC AAAAAACAGTTGTTGAAAAAA- 
GATC* 

The said segments are synthesized according to 
well known techniques (J.H. Van Boom (1975) J. Bi- 
ol. Chem. 250, 4592 - R.L Letsinger et al. (1975) J. 
Amer. Chem. Soc. 97, 32)* 

The plasmid vectors pSM146 and pSM147 intro- 
duced into cells of E coli HB101 are maintained in a 
stable state and impart to the cells transformed in 
this manner a resistance both to ampicillln and to 
kanamycin up to concentrations of 100 ng/m! and 15 
fig/ml respectlvedly. 

The cells of E coli transformed in this manner 
and cultivated in a suitable culture medium are capa- 
ble of expressing the heterologous proteins in high 
yields. In accordance with the present invention, in 
pSM143, pSM146 and pSM147, the gene which is 
placed under the control of the promoter-terminator 
sequences employed by us is that of the lacta- 
mase of pBR322 of E coli (cf. J.G. Sutdrffe Proc. 
Natl. Acad. Sci. USA 75, 3737 (1 978)). 

Nevertheless, the selection of the gene to be 
cloned is not critical in relation to the invention, and 
use may be made of heterologous genes which code 
for other proteins such as, for example, human and 
animal hormones, proteins for use in foods, en- 
zymes, etc. 

According to the present invention, the plasmid 
vectors pSM146 and pSM147 are obtained from the 
plasmid pSM143 by replacing the Sstl-Xbal region, 
having 740 base pairs, with the segments of syn- 
thetic DNA which are defined by the sequences set 
forth above. 

The promoter sequences of pSM143 has a single 
Sstl restriction site between the -35 region and 
the -10 region, and a single Xbal site upstream of 
the -35 region. 

It is thus possible to replace the small segmednt 
(740 base pairs) carrying the promoter after diges- 
tion of the pSM143 with the specific restriction en- 
zymes Sstl and Xbal. 

In accordance with the present Invention, the 
plasmid pSM143 is obtained by a process which in- 
cludes: 

a The formation, from the plasmid pSM1 10, of the 
plasmid pSM1 16, which exhibits a BamHI site in place 
of the Pvull 6lte, 

b. The formation, from the pSM1 16, of the plasmid 



pSM131, which exhibits, downstream of the origin of 
replication, two restriction sites Xhol and Bglll, 
which are useful for cloning, 
c The insertion Into the plasmid pUC8 of the 
5 Hindlli fragment containing the terminator of the 
phage of E coll fd, and isolation of the plasmid 
pSM138, 

d. The Isolation of the terminator of the phage fd 
from the plasmid pSM138 after digestion with the re- 

10 striction enzyme BamHI, 

e. The Insertion of the BamHI fragment containing 
the terminator of the phage fd into the Bglll site of 
the plasmid pSM131 and isolation of the plasmid 
pSM137, 

15 f. The introduction of a Hindlli site downstream 
of the structural gene of ^-lactamase by means of 
in vitro mutation of the plasmid pSM116, and isola- 
tion of the plasmid pSM141, 

g. The ligation of the Hindlli fragment of p$M141 
20 containing the gene of H actamase wWi the Hindlli 

fragment of 3500 base pairs of the plasmid pSM137 
after digestion of the two plasmids with Hindlli, and 
isolation of the plasmid pSM142, 

h. The ligation of the BamHI-EcoRI fragment of 
25 the plasmid pSM142 with the plasmid pSM112 after 

digestion of the two plasmids with the restriction en- 
zymes BamHI and EcoRl, and isolation of the plas- 
mid pSM143. 
In accordance with the present Invention, the 

30 gene cloned in the plasmid pSM143 is that of the p- 
lactamase of pBR322 of E coil. Nevertheless, by 
deleting the EcoRI-Hindlll fragment, of 850 base 
pairs, which contains the p-lactarnase gene, it is 
possible to Insert into the vector a gene coding for 

35 another protein, which will thus be under the control 
of regulating sequences (promoter, terminator and 
RBS) recognized both by E. coli and by B. subtilis. 

According to the present invention, the process 
for the formation of the plasmid pSM 143 provides 

40 for the formation of intermediate plasmids starting 
from the plasmid pSM110, which is obtained accord- 
ing to the description in Italian Patent Application 
23.992 A/64 (corresponding European Patent Ap- 
plication is EP-A 186 631) and the restriction map of 

45 which is reproduced in Figure 1 . The plasmid pSM1 1 0 
exhibits an EcoRl site located upstream of the ATG 
of the ^-lactamase gene of pBR322 of ED. coli. 

The plasmid pSM143 obtained In this manner 
exhibits, at the end of the p-l*ctamase gene, the ter- 

50 minator of the E coil phage fd and, upstream of 
this, the erythromycin promoter of pE194, the se- 
quence of which, in the -10 region, is in accordance 
with what is reported by M. Rosemberg et al., while 
the -35 region differs by two bases, exhibiting the 

55 sequence TTCATA. 

The plasmid vector pSM143 may furthermore be 
maintained in a stable condition both in E coli and In 
B. subtifis, in which It confers the resistance to am- 
picillln up to concentrations of 100 jig/ml and 5 

60 fig/ml, and to kanamidn up to concentrations of 15 
fig/ml and 5 jig/ml, respectively. 

The plasmid pSM143 is characterized by the re- 
striction map reproduced in Figure 2. 
In accordance with the present Invention, the for- 

65 mation of the plasmid vectors pSM143, pSM1 46 and 
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pSM147 is carried out in accordance with known 
techniques. 

In particular, the digestion of the plasmfds is un- 
dertaken by suspending the DNA Pasmids in a solu- 
tion containing 50 mM Tris.HCI (pH 8.1), 50 mM 5 
NaCl and 10 mM MgCfe in the presence of the re- 
striction enzyme or enzymes suitable for the pur- 
pose and under the conditions recommended by the 
supplier company. 

The restriction enzymes used in the present in- 10 
vention were supplied by the companies BRL and 
BtOLABS. The ligase reaction of the fragments ob- 
tained after digestion is carried out by suspending 
the said fragments in a solution containing 50 mM 
trislHCi, 10 mM MgCI 2 , 10 mM dfthiothrettol (DTT) 15 
and 1 mM ATP in the presence of the enzyme T4 
DMA figase. 

The "in vitro mutation" reaction, the purpose of 
which is to modify in a controlled manner the se- 
quence of base of a specific region of DNA, is un- 20 
dertaken by using the methodology reported by M.I. 
Zoller et al. in Nucleic Acids Research 10 (1982) 
6487-6500, 

in order to verify the effect of the various pro- 
moters and of the terminator on the expression of 25 
the lactamase gene of pBR322, the piasmids of 
the present invention were introduced into E coif 
HBIOi and B. subtffis BGSC 1A246 cells. The cells 
transformed in this manner were respectively culti- 
vated in the following liquid media: LB (Bacto tryp- 30 
tone 10 g, yeast extract 5 g and NaCl 10 g) (DIFCO) 
and SMS (Spftizen minimal salts) with the addition of 
0.5% glucose, 50 ng/ml tryptophan and trace ele- 
ments, with agitation at 37°C, for 6 hours. At the 
end of the said period, the ^-lactamase activity was 35 
determined in the ceils for E coii, and both in the 
ceils and in the culture broth for B. subtilis, and 
compared with that obtained by cultivating cells of 
B. Subtilis NRRL B15896 containing the plasmid 
pSM119 obtained according to what is reported in 40 
Italian Application 84/23092. it can be seen from 
the results obtained that the plasmid pSM143 is sta- 
ble in B. subtilis and E coii and exhibits a ^-lacta- 
mase activity which is twice a great as that of 
pSM119, both when introduced into B. subtilis and 45 
when introduced into E coii. 

On the other hand, the piasmids pSM146 and 
pSM147 prove to be stable only in E coll and exhibit 
a ^-lactamase activity from 6 to 65 times greater 
than that determined in the strain of E coii contain- 50 
ing pSM119. 

The strains of E coil HBIOi containing the pias- 
mids pSM143, pSM138, pSM146 and pSM147 were 
disposed on February 22 r 1985 at the "American 
Type Culture Collection" Culture Centre respec- 65 
ttvely ATCC 53038, ATCC 53037, ATCC 53039 and 
ATCC 53040. 



DESCRIPTION OF THE FIGURES 
Figure 1 

Shows the restriction map of the plasmid pSM1 1 0. 65 



Figure 2 

Shows the restriction map of the plasmid pSM143. 
Figure 3 

Shows the restriction map of the piasmid pSM146 
and the sequence of the fragment of synthetic DNA 
present in the -35 region of the promoter. 

Figure 4 

Shows the restriction map of the plasmid pSM147 
and the sequence of the fragment of synthetic DNA 
present in the -35 region of the promoter. 

Figures 

Shows the restriction map of the plasmid pSM1 1 6. 
Figure 6 

Shows the restriction map of the plasmid pSM131 
and the precise arrangement of the two Xhol link- 
ers. 

Figure 7 

Shows the restriction map of the piasmid pSM138 
and the precise orientation of the Hindlii fragment 
containing the terminator of the E coii phage fd. 

Figure 8 

Shows the restriction map of the plasmid pSM137 
and the arrangement of the terminator of the phage 
fd before the origin of replication of the piasmid (in 
the anticlockwise direction). 

Rgure 8 

Shows the restriction map of pSM141 and the 
stages (in vitro mutation) for preparation thereof. 

Figure 10 

Shows the restriction map of the plasmid pSM142. 
Rgure 11 

Shows the restriction map of the piasmid pSM1 12. 
The experimental examples which follow are illus- 
trative and do not limit the invention. 

EXAMPLE 1 

Formation of the piasmid pSM1 16 

1 ng of the plasmid pSM110 is suspended in 20 pJ 
of a solution containing 50 mM Tris.HCI, ph 8.1 , 50 
mM NaCl and 10 mM MgCfe (solution A) and digest- 
ed with 1 unit (U) of restriction enzyme Pvuli 
(BIOLABS) at 37°C for 1 hour. 

At the end of the reaction the enzyme is inactivat- 
ed at 65°C for 10 minutes. 
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1 pi of the reaction mixture obtained in this mann r 
and 50 ng of phosphoryiated BamHI link rs 
(BIOLABS) are bonded, in the presence of 1 U of 
enzyme T4 ligase, after addition to 19 pi of a solu- 
tion containing 66 mM tris.HCI, pH 7.6, 6 mM Mg- 
CI2, 10 mM dithiothreitol and 1 mM adenosine tri- 
phosphate (ATP) (solution B). 

The ligase reaction is conducted at 14°C for 14 
hours. 

The entire figase mixture is then used to trans- 
form ceils of Escherichia col! HBlOi rendered com- 
petent with CaCl2 by the method described by Man- 
del and Higa (J. Mol. Biol. 53 (1970). 159-162). The 
selection of the transformed cells is undertaken by 
spreading on an L Agar medium (10 g Bacto tryp- 
tone, 5 g YE and 10 g NaCl, 16 g Difco agar per litre 
of H2O) containing 100 tig/ml ampicfliin. in this man- 
ner it is possible to isolate, only those cells contain- 
ing the plasmid with the gene of ampidllin resistance 
(AmpR). 

From an Amp* clone there Is extracted and puri- 
fied, according to the well known methods (cf.: Rod- 
riguez et aJ. in "Recombinant DNA Techniques: an 
introduction" (1 983) Addison-Wesiey Publishing 
Company), the plasmid pSM116, the restriction map 
of which is reproduced in Figure 5. 

The plasmid pSM1 1 6 when compared with the plas- 
mid pSM1 10 by means of electrophoresis on an agar- 
ose gel differs from the latter by the presence of a 
BamHI site in place of the Pvull site. 

EXEMPLE 2 

Formation of the plasmid pSM131 

2 jig of the plasmid pSM1 16, obtained as stated in 
example 1 r are diluted in 50 ft! of solution A and di- 
gested with 2 U of restriction enzyme Pstl 
(BIOLABS). 

At the end of the digestion reaction 50 ^ of H2O 
and 100 p\ of phenol are added to the mixture. 

The phenol Is then extracted from the aqueous 
phase with an equal volume of ether, and DNA is 
precipitated by addition of 1/10 of the volume of a 
3M solution of sodium acetate (pH 5.5) and 2.5 vol- 
umes of 95% ethano!, at a temperature of -70°C for 
10 minutes. 

The DNA precipitated in this manner is separated 
from the solution by centrifuging at 10,000 revolu- 
tions per minute for 10 minutes and is then resus- 
pended in 30 pJ of Solution A in the presence of 0.6 
UofenzymeBal31. 

The digestion reaction is conducted at 23°C for 6 
minutes. The DNA linearized in this manner is pre- 
cipitated and separated from the reaction mixture in 
the manner as stated above. 

The plasmid DNA is resuspended in 20 nl of H2O 
and 1 pi of the said aqueous solution (50 ng of DNA) 
is bonded to 50 ng of DNA of the Xhol linker 
(Wortington) in the presence of 0.1 U of T4 ligase, 
after suspension in 10 pJ of solution B in the manner 
stated in example 1. 

The Xhol linkers had previously been phosphory- 
lated at the terminal 5' position according to the de- 
scription in "Molecular Cloning. A laboratory manu- 
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al" (Ed. T. Maniatis, E.F. Frltsch, J. Sambrook 
(1982) Cold Spring Harbor Laboratory). 

The DNA of the Xhol linkers, the sequence of 
which is the following: 
TCTCGAGA 

AGAGCTCT, when K polymerizes, generates the 
recognition site for the enzyme Bglll 
TCTCGAGATCTCGAGA 
AGAGCTCTAGAGCTCT 
Bglll 

If at least two Xhol linkers are then bonded to the 
DNA of the plasmid pSM1 16, cut with Pstl and treat- 
ed with Bal31 , the result will be the formation of a 
construct which will exhibit two new restriction sites: 
Xhol and Bglll. 10 pi of the Ogase mixture are used 
to transform ceils of E coll HBlOl rendered compe- 
teterrt as described previously (Example 1). The 
cells are selected for tetracycline resistance and 
ampicilitn sensitivity by spreading on an L agar medi- 
um containing 20 ng/ml of tetracycline. 

The piasmids are extracted from the 44 Tc R and 

Amp 8 clones by the rapid procedure. 

The plasmid DNAs obtained in this manner are di- 
gested with 1 U of enzyme Xhol after suspension in 
20 pi of solution A, for the purpose of verifying the 
completion of the insertion of the linker. 

After analysis on an agarose gel (7%) the pias- 
mids linearized with Xhol and with reduced lengths 
as compared with pSM116 were subsequently ana- 
lysed for the purpose of verifying the presence of 
the Bglll restriction site. The plasmid containing 
both the Bglll and the Xhol restriction site and hav- 
ing a reduced length as compared with pSM1 16 was 
designated pSM131. 

The regions In proximity to the Bglll site of the 
Bglll-BamHI fragments of the plasmid pSM131 are 
sequenced by the method of Maxam and Gilbert 
(Methods in Enzymology, voL 65, pp. 499-560 
(1980)). 

Figure 6 shows the restriction map of the piasmid 
pSM131 and the precise arrangement of the two 
Xhol linkers. The said linkers are situated at a dis- 
tance of 69 bases from the stop codon (TAA) of p- 
iactamase (position 3224 of pBR322) and at 532 
bases from its start codon (ATG) (position 3618 of 
pBR322), thus indicating that the enzyme Bal31 has 
deleted approximately 390 pair of bases (bp) from 
the Pstl site towards the origin of replication and on- 
ly 5 bp from the Pstl site towards the EcoRI site. Ac- 
cordingly, the plasmid pSM131 exhibits the expected 
characteristics, possessing the Xhol and Bglll re- 
striction sites a short distance downstream of the 
origin of replication of pBR322. 

55 EXAMPLE 3 

Cloning of the terminator of the phage fd in pUC8 
and formation of the plasmid pSM1 38. 
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1 ng of the piasmid pUC8 (Boehringer-Mannheim) 
and 1 jig of the plasmid pLUB3 of E coil (R. Gentz et 
al.: PNAS 78, 4936 (1981)) are each digested with 1 
U of restriction enzyme Hindi!! (BIOLABS) after 
suspension in 20 pi of solution A. 
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Whereas the pUCB is linearized from the cut with 
Hindlll, the pLUB3 is cut into two segments, the 
smaller of which, of approximately 352 bp, contains 
the terminating sequence of the phage id. 

The piasmid DNAs are precipitated and separat- 
ed from the reaction mixtures in the manner stated 
previously. 

60 ng of pLUB3-Hindlli and 15 ng of pUC8-Hind- 
III are suspended in 10 pJ of solution B and bonded 
together in the presence of 0.1 U of T4 ligase. 

2 til of ligase mixture are utilized for the purpose 
of transforming suitable ceils of E coii JM83 (BRL). 

The transformants are selected for resistance to 
ampicflloin by spreading on an L-agar medium 
(DIFCO) containing 100 jig/ml of ampiciilin and the in- 
dicator X-gal in the manner descrfbed by J. Mess- 
ing (Methods in Enz. vol. 101 (1983) pp. 20-78). 

12 white colonies are obtained in this manner, 
from which the plasmids are extracted by the rapid 
procedure. 8 of the said plasmids are composed of 
the DNA of pUC8 and of the Hindlll fragment of 
pLUB3 containing the terminator of the phage fd. 

In the Hindlll fragment of the terminator a BamHI 
site is located at a distance of only 4 bases from 
one of the Hindlll ends. Since a BamHI site is also 
present on the pUC8 at a distance of a few bases 
from the Hindlll site, rt is possible to isolate the ter- 
minator of the hybrid plasmids obtained in this man- 
ner by digestion with the enzyme BamHI, provided 
that the orientation of the Hindlll fragment of the 
terminator in pUC8 is such that the two BamHI sites 
are in distal positions. 

The hybrid plasmids are then digested with BamHI 
and the DNA spearated on 7.5% acrylamide gel. 

After staining with ethidium bromide and visual- 
ization of the DNA under UV light, it is observed 
that two of the eight plasmids analysed exhibited, af- 
ter the cut with BamHI, two segments of DNA, one 
of approximately 350 bp and the other having the 
length of pUC8. 

The restriction map of one of these plasmids, 
which are designated pSM138 t is reproduced in Fig- 
ure 7, 

EXAMPLE 4 

Insertion of the terminator into the piasmid pSM!31 
and formation of the piasmid pSM137. 

1 fig of pSM131 and 3.5 jig of pSM138 obtained as 
stated in examples 2 and 3 are digested, respective- 
ly, with 1 U of enzyme Bglll and 3.5 U of BamHI, af- 
ter suspension in 20 of solution A. 

At the end of the reaction, the enzymes are inac- 
tivated at 65°C for 1 0 minutes. 

2 id of the reaction mixtures are added to 20 ji! of 
solution B and bonded with 0.1 U of T4 ligase. 

Since the enzymes BamHI and Bglll generate, af- 
ter cutting of the DNA, cohesive ends which can be 
bonded together, It is possible to obtain hybrid mole- 
cules formed from the pSM131 and from the small 
BamHI fragment of the pSM138 containing the termi- 
nator of the phage fd 

2 nl of the ligase mixture are used for the pur- 
pose of transforming suitable cells of E. coli HBIOi. 



The transformants are then selected on plates of 
L agar containing 20 jig/ml tetracycline. 

Among the Tc* clones obtained in this manner, 
one was isolated, bearing the hybrid plasid pSM137, 
5 the restriction map of which is reproduced in Figure 
8. 

The said piasmid is composed of the pSM131 and 
of the small BamHI fragment of pSM138 containing 
the terminator of the phage fd which is thus located 
10 before (in the anticlockwise sense) the origin of rep- 
lication of the piasmid. 

EXAMPLE 5 

18 Introduction of the Hindlll site after the structural 
gene of lactamase, and formation of the piasmid 
pSM141. 

1 ng of the phage M13 mp9 having a double helix 
20 (RF) and 1 ng of pSM1 1 6, obtained as stated in exam- 
ple 1, are digested, respectively, with 1 U of enzyme 
EcoRI and 1 U of enzyme BamHI, after suspension 
in 20 til of reaktion mixture A, under the conditions 
recommended by the supplier company Biolabs. Af- 
25 ter inactivation of the enzyme at 65° for 10 minutes, 
1 (if of each of each of the two mixtures are bonded 
together, after suspension in 20 pJ of reaction mix- 
ture B, in the presence of 0.1 U of T4 ligase. 

5 pJ of ligase mixture are then used for the pur- 
30 pose of transforming suitable ceils of E coii JM83, 
selection being carried out by resistance to ampicii- 
lin. The DNA (RF) of the phages is prepared from 
twelve of the white plaques obtained in this manner, 
as described by M. Zolier and M. Smith (Nucl. Ac. 
35 Res. 10 (1982) 6487-6500). 

The DNAs are then digested With the enzymes 
BamHI and EcoRI as stated previously, and the 
samples are separated on 0.8% agarose gel. 

Two of the hybrid molecules obtained in this man- 
40 ner prove to be formed by the DNA of the phage 
M13 mp9 and by the segment of 2000 bp of the pias- 
mid pSM1 16 bearing the gene of p-lactamase. 

From one of the two plaques there is then pre- 
pared the single-helix from of the recombinant 
45 phage DNA, purified as described by Zoiier and 
Smith (Nucl. Ac. Research 10 (1982) 6487-6500). 

A synthetic oligonucleotide of 16 bases was then 
designed to be complementary to the DNA region 
which follows the end of the gene of p-iactamase, 
50 apart from one base, and the sequence of which is 
the following: 

5' 3MCTGTCAGACCAAGTTTACTCATATAT-3' 

GTCTGQTTC AATGAGTA 5' synthetik primer 



Hindlll 

The single-helix DNA of the recombinant phage, 
the universal primer TCCCAGTCACGACGT 
(Biolabs) and the synthetic oligonucleotide 
(synthesized by Creative Biomolecules - San Fran- 
cisco - Oa) are used for the experimental investiga- 
tion of in vitro mutation as described by K. Norris et 
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al. (Nud. Ac Research II (1983) 5103-6112), for the 
purpose of positioning a Hindill site after the end of 
the gene of ^-lactamase. 

For the purpose of the in vitro polymerization and 
ligation reaction, the reaction mixture is treated with 
3 U of BamHI and 3 U of EcoRI under the conditions 
recommended by the supplier company (Biolabs). 
The DNA is then separated on 0.8% agarose gel, 
and the EcoRI-BamHl fragment of 2000 bp, which is 
visible under UV light after staining with ethidium 
bromide, is eluted in the manner described in Molec- 
ular Cloning. A laboratory Manual, Ed. T. Maniatis, 
E.F. Frftsch, J. Sambrook (1982) Could Spring Har- 
bor Laboratory. 

100 ng of the segment of DNA eluted in this man- 
ner and 50 ng of the EcoRI-BamHl fragment of ap- 
proximately 350 bp, of the plasmid pSM116, recov- 
ered from 7.5% acryiamide gel according to the pro- 
cedure described by Maxam and Gilbert in Methods 
in Enzymology vol. 65 (1980) 526-527, are bonded in 
the presence of 0.1 U of T4 iigase, after suspen- 
sion in 50 nl of reaction mixture B 10 of Iigase mix- 
ture are used for the purpose of transforming suita- 
ble cells of E. coll HBIOI, selecting the transform- 
ants for resistance to ampiclllin (1 00 jig/ml). 

The plasmid DNA is prepared from four Amp R 
clones according to the rapid procedure. 

The DNA preparations are then treated with 1 U 
of enzyme Hindill in 30 of reaction mixture A. 

In the case of complete mutation, it was expected 
that the cutting with the said enzyme would generate 
two fragments of DNA, one of 860 bp and the other 
of 1600 bp. 

The analysis, on 1% agarose gel, of the four sam- 
ples obtained as stated above indicated that two of 
these exhibited the expected characteristics. 

One of the said plasmids was designated pSM141 . 

Its restriction map and the steps required for the 
preparation thereof are reproduced in Figure 9. 

EXAMPLE 6 

Formation of the plasmid pSM142 

1 fig of the plasmid pSM141 and 1 ng of the plas- 
mid pSM137, which was obtained as stated in exam- 
ple 4, are each digested with 1 U of enzyme Hindill, 
after suspension in 20 pJ of solution A. 

The enzyme Hindill cuts the plasmid pSM141 at 
two points, generating two fragments, one of 830 bp 
and the other of 1600 bp. Hie pSM137 also exhibits 
two Hindill sites, and thus the digestion thereof 
gives rise to a fragment of 550 bp and to one of 
3500 bp (Figure 8). 

1 |il of each reaction mixture Is added to 18 jd of 
solution B containing 0.1 U of enzyme T4 Iigase. The 
Dgase reaction is carried out at 14°C for 14 hours. 

After Inactivafion of the enzyme at 65° for 10 min- 
utes, 5 \i\ of Iigase mixture are used for the purpose 
of transforming suitable cells of E. coll HBIOI. 

The transformants are selected for resistance to 
ampiciliin and to tetracycline, by spreading on an L 
agar medium containing 1 00 itg/ml of ampicUlin and 20 
ng/ml of tetracycline. 



From a Tc R i Amp* clone there is isolated by the 
rapid procedure a plasmid formed by the fragment 
of approximately 830 bp of the pS141 and by the 
fragment of approximately 3500 bp of the pSM137. 
5 The plasmid, the restriction map of which is repre- 
sented in Figure 10, was designated pSM142. 

EXAMPLE 7 

1 0 Formatin of the plasmid pSM1 43 

1 pg of the plasmid pSM142 and 1 fig of the plas- 
mid pSM112, which was obtained as stated in Italian 
Patent Application A/8 423 992 (EP-A 186 631) and 

16 represented in Figure 11, are suspended in 20 pi of 
solution A and simultaneously cut with 1 U of enzyme 
BamHI and 1 U of enzyme EcoRI at 37°C for 1 hour. 

After [nactivation of the enzymes at 65° for 10 
minutes, 1 p! of the reaction mixture is used for the li- 

20 gallon reaction in the presence of T4 Iigase as pre- 
viously described. 

The entire iigase mixture is then employed for the 
purpose of transforming suitable ceils of E. cofi 
HBIOI, selecting the transformants for resistance 

25 to ampiciliin and to kanamycin on plates of L agar 
containing 100 jig/mi of ampiciliin and 15 tig/ml of 
kanamycin. 

From an Amp R and Km* clone there is isolated by 
the rapid procedure the plasmid pSM143, the re- 
30 striction map of which Is reproduced In Figure 2. 

The pSM143 is composed of the 4950 bp frag- 
ment of the pSM1 12 and of the 2400 bp fragment of 
the pSM142. 

The plasmid pSM1 43 is then employed for the pur- 
35 pose of transforming cells of B. subtifis SMS003 
NRLL B 15897, which are rendered competent as de- 
scribed by Oontente and Dubnau (Mol. Gen. Genet 
167(1979) 251-258). 
The selection of the transformants is carried out 
40 by spreading on tryptose blood agar base (TBAB) 
medium from DIFCO containing 5 |ig/ml of kanamy- 
cin. 

Plasmids Identical to pSM143 were Isolated from 

45 the Km* clones, thus indicating that the said plasmid 
was maintained in a stable condition in cells of B sub- 
fflte, 

EXAMPLE 8 

50 

Formation of the plasmid pSM146 

1 jig of the plasmid pSM143 is digested simulta- 
neously with 1 U of enzyme Sstl and 1 U of enzyme 
55 Xbal in 20 pi of solution A at 37°C for 1 hour. 

After inactivation of the enzymes at 65° for 10 
minutes, 1 ni of the reaction mixture is added to 1 9 pJ 
of the solution B containing 0.1 U of T4 iigase and 50 
ng of the fragment of synthetic DNA, the sequence 
60 of which is reproduced in Figure 3. 

The tigas reaction is carried out at 14°C for 14 
hours. 

After inactivation of the enzyme at 65° for 10 min- 
utes, 5 id of the Iigase mixture are used for the pur- 
ee pose of transforming suitable cells of E. coil HBIOI. 
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The selection of the transformants is then undertak- 
en on plates of L agar containing 100 pg/ml of ampi- 

cfflin. From an Amp R clone there is isolated by the 
rapid procedure a piasmid in which the fragment 
Sstl-Xbal of 740 bp of the pSM143 was replaced 
by the segment of synthetic DNA of 15 bp + 8 single 
bases. The new piasmid is designated pSM146, and 
its restriction map is reproduced in Figure 3. 

EXAMPLE 9 

Formation of the piasmid pSM147 

The procedure is carried out as In example 8 
above, using in the iigase reaction 50 ng of a seg- 
ment of synthetic DNA whose sequence is repro- 
duced in Figure 4. 

The piasmid isolated from an AmpR clone, desig- 
nated pSM147, exhibits, in comparison with the 
pSM143, the replacement of the Sstl-Xbal frag- 
ment by the synthetic segment of 24 bp + 8 single 
bases. 

The restriction map of the piasmid pSM147 is re- 
produced in Figure 4. 

EXAMPLE 10 

Determination of the p-iactamase activity of 
pSM143, pSM146 and pSM147. 

Cells of E coli HBIOI and B. subtilis BGSC 
1A246, containing the plasmfds pSM143, pSMt46, 
pSM147 and pSM119 (comparison), are cultivated in 
conical flasks having a capacity of 250 ml, each 
containing 25 ml of culture medium previously steri- 
lized at 1 20° for 1 5 minutes. 

B. subtilis is cultivated in SMS (Sprtizen Minimal 
Salts) medium to which is added glucose (0.5%), 
tryptophan (50 ng/mt) and trace elements. 

E. coll is cultivated In LB. (DlFCO) medium. 

The conical flasks are incubated, with agitation, 
at37°C for 6 hours. 

The production of ^-lactamase is determined, for 
E coil, in the peripiasmic specimens obtained as de- 
scribed by A. Nicolaidis et ai. (J. Bacterid. 135 
(1978), 178) and, for B. subtilis, both in the super- 
natant liquid and in the sonicated cells. In order to 
prepare the sonicated cells, 5 ml of the B. subtilis 
culture are centrifuged at 5000 rpm for 10 minutes. 
The cells obtained in this manner are suspended in 5 
mi of solution containing 30 mM tris. HO, pH 7.2, 
and 50 mM NaCI and centrifuged again at 5000 rpm 
for 10 minutes. 

The ceils are then suspended in 5 ml of 100 mM 
phosphate buffer, pH 7.0, and treated 3 times (for 1 
minute each time) with an MSE sonicator, Soniprep 
model 150, operating at maximum intensity. 

The p-lactamase activity is measured with N1- 
trocefin as described by O'Callaghan et al. 
(Antimicrob. Ag. Chemother. I (1972) 283-288). 

1 unit of p-lactamase is defined as the cuantity of 
enzyme required to hydroiyse 1 nanomole of sub- 
strate per minute at 37°C. 

Table I shows the figures for p-lactamase activi- 



ty which were determined in the various cultures of 
B. subtilis BGSC 1 A246 and E coli HBIOI. 
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^-LACTAMASE ACTIVITY (U/ml) 


PIASMID 


ECOUHB101 


B. subtilis BGSC 






1A246 


pSM119 


1300 U/ml 


* 380 U/ml 


p8M143 


2000 U/ml 


* 700 U/ml 


pSM146 


12000 U/ml 




PSM147 


85000 U/ml 





* Total of the activity determined in the supernatant 
liquid and in the sonicated cells. 



Claims 

20 1. Piasmid vectors for expression in Escherichia 
coli and Bacillus subtilis of a heterologous protein 
wherein the gene which codes for said protein is 
placed under the control of the terminator sequence 
of the phage fd of Escherichia coil and of the pE194 

25 erythromycin promoter modified by replacing the 
Sstl-Xbal fragment of 740 pairs of bases contain- 
ing the - 35 region of the said promoter with a seg- 
ment of synthetic DNA having a number of pair bas- 
es from 1 3 to 22 and 8 single bases. 

30 2. Piasmid vector pSM146 according to claim 1, 
wherein the synthetic DNA segment is character- 
ized by the following sequence of bases: 

5' CTGTTTTTTGTCAAT 8" 

35 *' TCGAGACAAAAAACAGTTAQATC * 

3. Piasmid vector pSM147 according to claim 1, 
wherein the synthetic DNA segment Is character- 
ized by the following sequence of bases: 

g. qtgi 1 1 1 1 IGTCAACAACl 1 1 1 1 1 3* 

40 3' TCGAGACAAAAAACAGTTGTTGAAAAAA- 
GATCS 1 

4. Piasmid vector according to claims 1 to 3, 
wherein the gene of the heterologous protein is that 
of Hactemase- 

45 5. Process for the construction of the piasmid 
vectors according to claims 1 to 3 from the piasmid 
vector pSM143 characterized in that 

a) said piasmid pSM143 is digested with the re- 
striction enzymes SstI and Xbal which cut In the 

60 unique sites SstI and Xbal of the pE194 erythro- 
mycin promoter and 

b) the Sstl-Xbal fragment of 6610 pair of bases Is 
Ogated, in the presence of DNA T4 Iigase, to the 
synthetic DNA segment having the sequence ac- 

55 cording to claims 2 and 3. 

6. Piasmid vector pSM143 which comprises the 
origin of replication of pBR322 and pUB110 which al- 
low its propagation in Escherichia coO and Bacillus 
subtilis, the kanamycin resistance selectable mark- 

60 er functioning in both microorganisms, the ^lacta- 
mase structural gene located between the termina- 
tor of the phage fd and the promoter of the pE194 
erythromycin gene and the unique restriction sites 
Xbal, SstI, EcoRI, Hindlll, Xhol. 

65 7. Process for the construction of the piasmid 
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vector pSM143 according to claim 6, characterized 
inthat: 

a) the plasmid pSM110 Is modified by replacing the 
Fvull site with the BamHI site, and the plasmid 
pSM1 16 is isolated, B 

b) there are located within the plasmid pSM116, 
downstream of the origin of replication of 
PBR322 two restriction sites Xholl and Bglll 
which are useful for cloning, and the plasmid 
pSM131 Is isolated, 10 

c) the Hindlll fragment bearing the terminator of 
the phage fd of E. coll is inserted in the plasmid 
pUC8, and the plasmid pSM138 is isolated, 

d) the terminator of the phage fd of the plasmid 
psM138 is isolated, following digestion with the 15 
restriction enzyme BamHI, 

e) the BamHI fragment containing the terminator 
of the phage fd is inserted in the Bglll site of the 
plasmid pSM1 31 ( and the plasmid pSM1 37 is isolat- 
ed, 20 

f) a Hindlll site is introduced downstream of the 
structural gene of the ^-lactamase by means of in 
vitro mutation of the plasmid psM116, and the 
plasmid pSM141 is isolated, 

g) there are bonded, in the presence of DNA T4 25 
iigase, the Hindlll fragment of the pSM141 con- 
taining the gene of p-lactamase and the Hindlll 
fragment of 3500 pair of bases of the plasmid 
pSM137, which were obtained following digestion 

of the two plasmids, and the plasmid pSM142 is 30 
Isolated, 

h) the BamHI-EcoRl fragment of the plasmid 
pSM142 is bonded, in the presence of DNA T4 
Iigase, with the plasmid pSM112, following diges- 
tion of the two plasmids with the restriction en- 35 
zymes BamHI and EcoRi, and the plasmid 
pSM143 is isolated. 

8. Process for the production of p-lactamase, 
characterized in that 

a) the plasmid vectors pSM143, pSM146 and 40 
pSM147 are introduced into host organisms, 

b) the said organisms transformed in this manner 
are isolated and 

c) the said transformed organisms are cultivated 

In a liquid culture medium containing sources of 45 
carbon, sources of nitrogen and trace elements. 

9. Process according to claim 8, wherein the host 
organisms are Escherichia coli HB101 and Bacillus 
subtiiisBQSC1A246. 

1 0. Escherichia coli (pSM1 43) ATCC 53038 50 

1 1 . Escherichia coli (pSM1 46) ATCC 53039 

12. Escherichia coli (pSM147) ATCC 53040 

13. Escherichia coli (pSM138) ATCC 53037 

PatentansprOche 55 

1. Plasmidvektoren zur Expression eines hetero- 
logen Proteins in Escherichia coii und Bacillus subti- 
lis, wobei das fOr dieses Protein kodierende Qen un- 
ter die Regeluhg der Terminatorsequenz des Pha- 60 
gen fd von Escherichia coli und des pE194- 
Erythramydnpromoters gesetzt wird, weloher Pro- 
moter durch Ersatz des Sstl-Xbal-Fragmentes von 
740 Basenpaaren, welches Fragment den -35-Be- 
reich dieses Promoters enthilt, durch ein syntheti- 65 



sches DNA-Segment modifiziert worden 1st, wel- 
ches Segment etne Anzah! von 13 bis 22 Basenpaa- 
ren und 8 Einz ibasen aufwelst. 

2. Plasmldvektor pSM146 nach Anspruch 1, wor- 
In das synthetische DNA-Segment durch die foigen- 
de Sequenz von Basen gekennzefchnet ist 

5' CTG 1 1 1 1 1 1 GTC AAT 3* 

3' TCQAQACAAAAAACAGTTAGATC 5* 

3. Plasmldvektor pSM147 nach Anspruch 1, wor- 
in das synthetische DNA-Segment durch die foigen- 
de Sequenz von Basen gekennzelchnet ist 

5' CTG 1 1 1 1 i I G TCAACAACTTTTTT S' 

3' TCGAGACAAAAAACAGTTGTTGAAAAAA- 

GATC* 

4. Plasmidvektor nach einem der AnsprOche 1 bis 
3, worin das Gen des heterologen Proteins jenes 
von ^-Lactamase ist 

5. Verfahren fOr den Aufbau der Ptasmldvekto- 
ren nach einem der AnsprOche 1 bis 3, aus dem Pias- 
mldvektor pSM143, dadurch gekenrtzeichnet, daB: 

a) dieses Plasmid pSM143 mit den Restriktionsen- 
zymen Sstl und Xbal digeriert wird, welche aus- 
schlieBlich an den Sstl- und Xbal-Stellen des 
pE194-Erythromycinpromoters schneiden; und 

b) das Sstl-Xbal-Fragment von 6610 Basenpaa- 
ren in Gegenwart von DNA-T44Jgase mlt dem 
synthetischen DNA-Segment verknOpft wird, 
welches die Sequenz nach den Anspruchen 2 und 
3 aufweist 

6. Plasmidvektor pSM143, welcher den Aus- 
gangsbereich fDr die Entstehung von Kopien von 
PBR322 und pUB1 10 enMit, welche letzteren des- 
sen Vermehrung in Escherichia coli und Bacillus 
subtiiis ermdgiichen, wobei der fQr Kanamycin-Resi- 
stenz wahlbare Marker in beiden MIkroorganismen 
funktioniert, und wobei das p-Lactamase-Struktur- 
gen zwischen dem Terminator des Phagen fd und 
dem Promoter des pE194-Erythromycingens sowie 
den ausschBeBIichen Restrlktionsstelien Xbal, Sstl, 
EcoRI, Hindlll und Xhol angeordnet ist 

7. Verfahren fQr den Aufbau des Plasmidvek- 
tors pSM143 nach Anspruch 6, dadurch gekenn- 
zelchnet, daB: 

a) das Plasmid pSM110 dadurch modifiziert wird, 
daB man die Pvuli-Stelle durch die BamHI-Stelle 
ersetzt und das Plasmid pSM1 1 6 isoiiert; 

b) in dem Plasmid pSM116 - stromabwarts von 
dem Ausgangsbereich fOr die Entstehung von 
Kopien des pBR322 - zwel Restrlktionsstelien 
Xholl und Bglll angeordnet warden, welche fur 
das Klonen brauchbar sind; und das Plasmid 
pSM131 isoiiert wird; 

c) das den Terminator des Phagen fd von E. coli 
tragende Hindill-Fragment in das Plasmid pliC8 
eingesetzt wird, und das Plasmid pSM138 isoiiert 
wird; 

d) der Terminator des Phagen fd des Plasmids 
pSM138 im AnschluB an das Digerieren mit dem 
Restriktionsenzym BamHI isoiiert wird; 

e) das den Terminator des Phagen fd enthaltende 
BamHI- Fragment an der Bglll-Stelle des Plasmids 
pSM131 eingesetzt wird und das Plasmid pSM137 
isoiiert wird; 

f) stromabwarts von dem Strukturgen der p- 
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Lactamase mtt Hilfe elner In-vftro-Mutation des 
Plasmids pSM116 eine Hindlll-Stelle eingefQhrt 
wird, und das Plasmid pSM141 tsoilert wird; 

g) das das Gen von ^-Lactamase errthaltende 
Hindlll-Fragment des pSM141 und das Hindlll- 5 
Fragment von 3500 Basenpaaren des Plasmids 
pSM137, wetche nach dem Digerieren der zwei 
Plasmide erhalten worden waren, in Qegenwart 
von DNA-T4-Ugase mlteinander verbunden war- 
den, und das Plasmid pSM1 42 tsoliert wird; 1 0 

h) das BamHI-EcoRI-Fnagment des Plasmids 
pSM142 - in Qegenwart von DNA-T4-Ugase - 
mlt dem Plasmid pSM112 verbunden wird, und 
zwar im AnschluB an das Digerieren der zwei 
Plasmide mit den Restrlktionsehz/men BamHI und 15 
EcoRI, und das Piasmid pSM143 Isoliert wird. 

8. Verfahren zur Herstellung von ^-Lactamase, 
dadurch gekennzeichnet, daB: 

a) die Plasmidvektoren pSM143, pSM146 und 
pSM1 47 in Wirtsorganismen eingefQhrt werden; 20 

b) die auf diese Weise transformierten Organis- 
men isoliert werden; und 

c) diese transformierten Organismen in einem 
flOssigen Kulturmedium kultiviert werden, wel- 
ches Queiien fOr Kohlenstoff, Quelien fur Stick- 25 
stoff und Spurenelemente enthdlt 

9* Verfahren nach Anspruch 8, wobei die Wirts- 
organismen Escherichia col! HB101 und Bacillus sub- 
tilis BQSC1A246stnd. 

1 0. Escherichia coii (pSM1 43) ATOC 53038 30 

11. Escherichia coii (pSM146) ATCC 53039 

12. Escherichia coii (pSM147) ATCC 53040 

13. Escherichia coii (pSM138) ATCC 53037. 

Revendications 35 

1. Plasmides vecteurs pour ['expression d'une 
proteine heteroiogue dans Escherichia coii et Bacil- 
lus subtilis, dans lesquels le gene qui code pour ladi- 

te protiine est place sous ie contrdle de ia s6quen- 40 
ce terminateur du phage fd d'Escherichia coii et du 
promoteur erythromycine de pE194 modtfie par rem- 
placement du fragment Sstl-Xbal de 740 paires de 
bases, contsnant la region -35 dudtt promoteur, par 
un segment d'ADN synthetique comportant un nom- 45 
bre de 13 k 22 paires de bases et 8 bases non appa- 
ri6es. 

2. Plasmide vecteur pSM146 conforme k la re- 
vendication 1 , dans lequel ie segment d'ADN synthe- 
tique est caracteris6 par la sequence suivante de 50 
bases: 

5 f CTGI iill IGTCAAT ? 

3' TCQAGACAAAAAACAGTTAGATC 8" 

3. Plasmide vecteur pSM147 conforme k ia re- 
vendication 1 , dans lequel le segment d'ADN syrrthe- 55 
tique est caracterise par la sequence suivante de 
bases: 

* CTG I I II I IG TCAACAA Ci I M 1 1 3 ' 

3' TCGAGACAAAAAACAGTTGTTGAAAAAA- bo 
GATC5* 

4. Plasmid vecteur conforms aux revendications 
Ik 3, dans lequel le gdne de la proline heteroiogue 
est celui de la p-lactamase, 

5. Precede pour la construction des plasmides 65 



vecteurs conformes aux revendications 1 & 3 & par- 
tir du plasmide vecteur pSM143, caractdrise en ce 
que: 

a) ledtt plasmide pSM143 est dig£r£ par ies enzy- 
mes de restriction Sstl et Xbal qui le coupe au ni- 
veau des sites uniques Sstl et Xbal du promoteur 
6rythromiclne de pE194, et 

b) le fragment Sstl-Xbal de 6610 paires de bases 
est lie, en presence d'ADN figase de T4, au seg- 
ment d'ADN synthetique pr^sentant la sequence 
conforme k la revendication 2 ou 3. 

6. Plasmide vecteur pSM143, qui cornporte Ies 
origines de replication de pBR322 et de pUB110 qui 
permetterrt sa proliferation dans Escherichia coii et 
dans Bacillus subtilis, ie marquer de selection par 
resistance k la kanamycine, fonctionnant dans Ies 
deux micro-organismes, le g&ne structural de ia p- 
lactamase, sltue entre le terminateur du phage fd et 
le promoteur du g&ne d'erythromycine de pE194, et 
ies sites uniques de restriction Xbal, Sstl, EcoRI, 
Hindlll, etXhot. 

7. Precede pour la construction du plasmide vec- 
teur pSM143 conforme k la revendication 6, carac- 
terise en ce que: 

a) on modifie le plasmide pSM1 1 0 en remplagant le 
site Pvull par le site BamHI, et on isole Ie plasmi- 
de pSM1 16; 

b) on place dans le plasmide pSM116, en aval de 
I'origine de replication de pBR322, deux sites de 
restriction Xhot et Bglll, utiles pour le cfonage, et 
on isole le plasmide pSM131 : 

c) on Insure dans le plasmide pUC8 le fragment 
Hindlll, portant le terminateur du phage fd de E 
coii, et on isole le plasmide pSM138; 

d) on isole le terminateur du phage fd du plasmide 
pSM138, k la suite d'une digestion par ('enzyme 
de restriction BamHI; 

e) on insfere ie fragment BamHI, contenant le ter- 
minateur du phage fd, dans le site Bglll du plasmi- 
de pSM1 31 , et on Isole le plasmide pSM1 37; 

f) on introdutt un site Hindlll en aval du g£ne de 
structure de la p-lactamase, au moyen d'une mu- 
tation in vitro du plasmide pSM116 t et on isole le 
plasmide pSM141; 

g) on fie, en presence d'ADN ligase de T4, ie 
fragment Hindlll de pSM141, contenant le gene 
de la p-lactamase, et le fragment Hindlll de 3500 
paires de bases du plasmide pSM137, fragments 
que Ton obtient k la suite de ia digestion des deux 
plasmides, et on isole ie plasmide pSM1 42; 

h) on lie le fragment BamHl-EcoRI du plasmide 
pSM142, en presence d'ADN ligase de T4, avec 
le plasmide pSM1 12, k la suite de la digestion des 
deux plasmides par les enzymes de restriction 
BamHI et EcoRI, et oh isole le plasmide pSM143» 

8. Procede pour la production de p-lactamase, 
caracterise en ce que: 

a) on introdutt les plasmides vecteurs pSM143, 
pSM146 et pSM147 dans des organismes h6tes, 

b) on isole lesdits organismes-transform§s de 
cette manure, et 

c) on cuttive lesdits organismes transformes 
dans un milieu iiqulde de culture, qui contient des 
sources de carbone, des sources cf azote et des 
oligo-eiements. 
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9. Proc6d6 conforms k la revendication 9, dans 
lecfuel les organismes hdtes sont Escherichia coli 
HB101 et Bacillus subtllis BGSG 1 A246. 

10. Escherichia coli (pSM143) ATCC 53038. 

1 1. Escherichia con (pSli/1146) ATCC 53039. 5 

12. Escherichia coli (pSM147) ATCC 53040. 

13. Escherichia coli (pSM138) ATCC 53037. 
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